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The fundamental importance of neuronal connectivity for neural function has stimulated brainmapping efforts in several organisms.
In the nematode Caenorhabditis elegans an essentially complete wiring diagram has been available for nearly thirty years. To identify neglected, but well-connected neurons of C. elegans we used online activity and literature searches to rank 'popularity'. Cross-referencing this list with a topological analysis of the connectome, DVC emerged as the worm's most understudied hub neuron. We found that optogenetic activation of DVC promotes backward locomotion and that this response is dependent on the vesicular glutamate transporter, EAT-4. To date the microscopic roundworm C. elegans boasts the only fully documented connectome. The nervous system of the adult hermaphrodite has 302 neurons of 118 anatomically defined classes making 6393 chemical synapses, 890 gap junctions, and 1410 neuromuscular junctions [1, 2] . The wiring diagram allows for the clustering of these neurons into modules, suggesting functional specializations and putting constraints on information flow. However, an anatomical reconstruction cannot be directly interpreted and important neurons can go understudied for a variety of reasons, especially historical precedence and genetic inaccessibility. To identify neglected network nodes we used two metrics to rank the 'popularity' of non-pharyngeal hermaphroditic neurons: first, user behavior at an online database (www.wormatlas.org); and second, citations in the published literature.
WormAtlas.org has become an important resource for the everexpanding C. elegans community. Among other features, it hosts individual pages for each neuron class, including images and key details, such as receptor and neuropeptide expression, as well as links to other databases and relevant research articles. Page visits to these sites allowed for an estimate of each neuron's popularity. As a second metric we used the literature search engine Textpresso for C. elegans to mine introduction and discussion sections of original research publications. There was a strong positive correlation between the number of articles referring to a neuron Correspondence class and the number of page views it received at WormAtlas.org, r (102) = 0.83, p < 0.0001 ( Figure 1A) . A bagplot revealed a single bivariate outlier: ADA, a class of interneurons with unknown function. Inflated ADA page views likely arose from its position at the top of the alphabetized list of individual neuron page links. Principal component analysis was used to combine the two 'popularity' metrics (see Table S1 in the Supplemental Information). The resulting index matched well with degree of functional understanding; however, underestimates should be expected for neurons whose function was only recently elucidated, as well as those with common alternative designations, for example 'B motor neurons' or 'dopaminergic neurons'. Sensory R406 Current Biology 25, R391-R408, May 18, 2015 ©2015 Elsevier Ltd All rights reserved neurons were significantly more 'popular' than either motor neurons or interneurons (non-sensory with no neuromuscular junctions; Figure 1B) . Notable exceptions to this trend were AIY, a pair of first layer interneurons essential for integrating chemosensory and thermosensory input; AVA, a pair of command interneurons for driving backward locomotion; and HSN, a pair of motor neurons innervating the vulval muscles to stimulate egg-laying.
The C. elegans nervous system can be described as densely connected nodes of more sparsely connected modules. Sohn et al. [3] defined five such modules using a community detection algorithm constrained to cluster neurons by class. Importantly, the modules approximated previously documented functional circuits. In an attempt to identify underappreciated nodes, we used normalized intramodule connectedness (Z) as a proxy for 'importance'. If k i is the number of connections node i makes with the other nodes of its module s i , k¯s i is the mean k for all nodes in s i , and σ ksi is the standard deviation of k in s i , then
Cross-referencing the median Z-score for each neuron class (Table S1 ) with its 'popularity' index, RIH and DVC emerged as understudied module hubs ( Figure 1C ). RIH has recently been shown to integrate input from mechanosensory neurons at the head [4] ; however, DVC has never been assigned a function.
To investigate the role of DVC we used optogenetics for controlled activation, as previous reports suggested its ablation had no obvious behavioral consequence [5, 6] . Using the ceh-63 promoter for targeted expression of the blue-light gated cation channel, Channelrhodospin-2 (ChR2), Feng et al. [5] could not attribute any response to photocurrents in DVC; however, their transgenic background had a locomotion deficit caused by the dominant rol-6 allele used as a co-injection marker. We repeated the experiment using the same ChR2 expression vector with a fluorescent co-injection marker (myo-2p::mCherry) and computer vision software [7] for quantitative behavioral analysis.
We found that if fed the essential opsin co-factor all-trans retinal, blue illumination promoted backward locomotion in animals expressing ChR2 in DVC ( Figure 1D) .
As the major post-synaptic partner of DVC, we hypothesized that the response was mediated by reversal command interneurons AVAL and AVAR. However, DVC is also electrically coupled to motor neurons and is notable as the C. elegans neuron expressing the most diverse set of innexins [8] , the invertebrate gap junction subunits. To determine whether the response was dependent on chemical synapses, we tested a mutant lacking the vesicular glutamate transporter expressed in DVC, EAT-4 [9] . Disrupting eat-4 impaired the behavioral response to photoactivation ( Figure 1D ), suggesting glutamatergic output from DVC promotes backing. DVC does not receive any synaptic input from sensory cells, but does express the mechanosensitive TRPN channel, TRP-4, which in DVA is thought to detect stretch in the plasma membrane to mediate somatosensory feedback during locomotion [6] . Like DVA, DVC is an unpaired neuron of the dorso-rectal ganglion with TRP-4 localized along the length of a neurite that spans nearly the entire animal. Thus, we hypothesize that DVC is a stretch receptor with the capacity to promote backward locomotion.
Trending topics emerge once a scientific field reaches a critical mass. Identifying neglected areas of research is useful if they can be prioritized in a meaningful way. Here we tracked online behavior and publication records to describe trends in C. elegans neuroscience and took advantage of the wiring diagram to identify potentially underappreciated neurons. We then used optogenetics to assess the behavioral consequence of activating one such cell, DVC. The majority of C. elegans neurons (~60%) have been ascribed some functionality and the anatomical connectome is giving way to the considerably more complex 'fun'ectome (functional connectome). We have described here a novel approach to identifying underappreciated network nodes. Large-scale brain mapping projects in a variety of organisms will offer opportunities for combining datasets in new ways to help prioritize previously unexplored connections.
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